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Introduction
One of the most important problems in control theory is that of controlling an uncertain system in order to have its output tracking a given reference signal. A way in treating such a problem is the adaptive control. Research in adaptive output feedback control of uncertain nonlinear systems is of particular importance, taking into account the emerging applications in various fields such as modern fighter and civilian aircrafts, unmanned aerial vehicles (UAV), flexible structures, robotics, flow physics, combustion processes and so on. Modelling for all these applications suffers of uncertainty, both in parameters and dynamics.
To highlight the framework of the paper, let the dynamics of an observable nonlinear singleinput-single-output (SISO) non affine system be given by the equations
where n x D ∈ ⊂ R is the state vector, , u y ∈ R (for sake of simplicity) are input signal (control), respectively, output signal (measurement), and f , g are unknown functions, sufficiently smooth; moreover, need not be necessary prescribed! For this real or virtual system, for example an airplane or its mathematical model, various problems are stated in control theory. Let consider such a problem: design (more specific, synthesize) a control law , which uses the available measurement , so that the output y follow asymptotically a prescribed reference signal
This is the problem of trajectory tracking for an airplane or rocket. In addition, the control law u is subjected to saturating restrictions, M u u < . A premise of solving the problem is the ability of the artificial intelligence techniques -of neural networks (NNs), for example -in compensating the lack of system knowledge, in other works, in compensating the uncertainties in its modeling. For the system (1), the hypothesis of feedback linearization conditions [1] with relative degree r is introduced, which means that by successively differentiation of by virtue of the system (so called Lie derivatives), the control appears in the order r derivative ( )
Here : 
where Δ is the inversion error, which acts as a disturbance signal on system. Performing ( ) 
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Observability hypothesis in (1) ensures that the right side of system (5) has a full rank and, taking into account (3) and the condition of relative degree , the following implicit dependence can be stated
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A similar expression is obtained for the error ( )
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A theorem of Kolmogorov-Sprecher type (see [2] ), ensures the existence of a NN so that Δ may be approximated with good accuracy when the network is operating only on the input-output data (with d a sample time)
., 1 , , 0
y t y t d y t n d v t , v t -d ,… v t n r d N n d
− − − − − − ≥ > K ( 8)
Controller design
To demonstrate that the developed approach in the paper is adaptive to both parametric uncertainty and unmodeled dynamics (including time delay), we Control system architecture illustrate a step by step controller design using a simplified model for the pitch channel six order dynamics of an R-50 experimental helicopter [3] with a time delay 0.03 sec Control objectives are regulation and tracking of commanded pitch attitude . Main sources of unmodeled dynamics are the control rotor dynamics and time delay. As main assumption on system, the relative degree was assumed: one can see that the controlled output has relative degree 3. The controller design will be illustrated step by step with reference to Fig. 1 . 
This observer for the tracking error dynamics may be designed of minimal dimension 1 − r , but herein a full order observer of dimension is preferred
K is a gain matrix, and should be chosen such that A KC − is asymptotically stable. Equation (19) provides estimates only for the states that are feedback linearizable, and not for the states that are associated with the internal dynamics [1] , [4] .
Summarizing until this point, we have to run on computer the system with the input ad
and giving the output .
dc v
The third step of design concerns the getting of adaptive control . As mentioned in the last phrase of Introduction, the dynamic inversion error described in (2)- (4) θ are bias terms (see Fig. 3 ). In fact, a linearly parameterized NN ( )
is a universal approximator, if vector function ( ) σ ⋅
can be selected as a basis over the domain of approximation, and accordingly, a general function
where ( ) 
provided there exists a suitable basis of activation
Thus, the output of the adaptive clement in Fig. 1 will be designed as [3] ( ) ( )
with the following weight adaptation laws
are initial guess of NN weights, is a suitable matrix, is a constant adaptation gain, and . The other notations stand for
where is a sigmoidal function and is an activation potential. 
and taking into account (12), we have
where ,
are introduced to account for parametric uncertainty in ,
, respectively. The sixth step of design, and the last, concerns the hedging of pseudo control to prevent the adaptation law from shortcomings such as actuator position and rate limits. When saturations are ignored, the phenomenon referred to as reset windup can produce the worst undesirable transients. An antiwindup compensator is proposed in [8] . In the present paper, the empiric procedure proposed in the works of E. N. Johnson of coworkers [9] is adopted. The idea is simple: an estimate of actuator position is firstly obtained, and then this estimate is used to compute the difference between commanded pseudo control and the estimated achievable pseudo control (see 
Conclusion
The paper presents as a state-of-art the adaptive output feedback control of uncertain systems in which both the dynamics and the dimension of the regulated plant may be unknown, but knowledge of relative degree is required. More specifically, given smooth references, the problem is to design controllers that force the system measurements to track them with bounded errors. The involved solution includes a linear observer for the output tracking error, a neural network to cancel the modeling error and a pseudo control hedging signal to counteracting actuators limits. A Part II of the paper will validate the controller by numerical simulations of mathematical model (9)-(10). 
